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(57) ABSTRACT

A liquid crystal display includes: a liquid crystal panel con-
taining an effective pixel region that is configured to emit
light corresponding to an image; and a frame member pro-
vided on a light emission side of the liquid crystal panel, and
having an opening opposed to the effective pixel region of the
liquid crystal panel. An edge portion of the opening of the
frame member is formed of a low-reflection material having a
reflectance of less than about 1.5% to green light.
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LIQUID CRYSTAL DISPLAY AND
PROJECTION DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Priority
Patent Application JP 2012-254901 filed Nov. 21, 2012, the
entire contents of which are incorporated herein by reference.

BACKGROUND

The present disclosure relates to a liquid crystal display
and a projection display for use in a light-valve-type projec-
tor.

In a common projection display for use in a projector etc.,
an image is produced through modulation by a transmissive
(or reflective) liquid crystal panel based on light emitted from
a light source, and is displayed in an enlarged manner by a
projection lens. A frame member (an outer frame) is attached
to a light emission side of the liquid crystal panel in order to
install the liquid crystal panel within the projection display.
The outer frame has an opening (a window) opposed to an
effective pixel region of the liquid crystal panel, and light is
extracted to a projection lens side through the opening (for
example, see Japanese Unexamined Patent Application Pub-
lication Nos. 2006-018055 and 2004-045680).

SUMMARY

Unfortunately, in the projection image display described in
each of Japanese Unexamined Patent Application Publication
Nos. 2006-018055 and 2004-045680, light emitted from the
liquid crystal panel is influenced by the frame member, and
thus an edge portion or a circuit section is reflected in a
display image, which disadvantageously degrades image
quality of a display image.

It is desirable to provide a liquid crystal display and a
projection display capable of suppressing occurrence of deg-
radation in image quality caused by a frame member provided
on a light emission side of a liquid crystal panel.

According to an embodiment of the present disclosure,
there is provided a liquid crystal display (1) including: a
liquid crystal panel containing an effective pixel region thatis
configured to emit light corresponding to an image; and a
frame member provided on a light emission side of the liquid
crystal panel, and having an opening opposed to the effective
pixel region of the liquid crystal panel. An edge portion of the
opening of the frame member is formed of a low-reflection
material having a reflectance of less than about 1.5% to green
light.

According to an embodiment of the present disclosure,
there is provided a liquid crystal display (2) including: a
liquid crystal panel containing an effective pixel region thatis
configured to emit light corresponding to an image; and a
frame member provided on a light emission side of the liquid
crystal panel, and having an opening opposed to the effective
pixel region of the liquid crystal panel. An edge portion of the
opening of the frame member has a slope facing a light
emission surface of the liquid crystal panel.

According to an embodiment of the present disclosure,
there is provided a projection display (1) including: a light
source; a liquid crystal panel containing an effective pixel
region that is configured to modulate light from the light
source to emit light corresponding to an image; a frame mem-
ber provided on a light emission side of the liquid crystal
panel, and having an opening opposed to the effective pixel
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2

region of the liquid crystal panel; and a projection lens pro-
jecting the image based on light emitted from the liquid
crystal panel. An edge portion of the opening of the frame
member is formed of a low-reflection material having a
reflectance of less than about 1.5% to green light.

According to an embodiment of the present disclosure,
there is provided a projection display (2) including: a light
source; a liquid crystal panel containing an effective pixel
region that is configured to modulate light from the light
source to emit light corresponding to an image; a frame mem-
ber provided on a light emission side of the liquid crystal
panel, and having an opening opposed to the effective pixel
region of the liquid crystal panel; and a projection lens pro-
jecting the image based on light emitted from the liquid
crystal panel. An edge portion of the opening of the frame
member has a slope facing a light emission surface of the
liquid crystal panel.

In the liquid crystal display (1) and the projection display
(1) according to the above-described respective embodiments
of'the disclosure, the edge portion of the opening of the frame
member, which is provided on the light emission side of the
liquid crystal panel, is formed of the low-reflection material
having the reflectance of less than 1.5% to green light. There-
fore, an amount of light reflected by the edge portion of the
frame member, of light emitted from the liquid crystal panel,
is decreased, which results in a reduction in reflection in a
display image caused by such reflected light.

In the liquid crystal display (2) and the projection display
(2) according to the above-described respective embodiments
of'the disclosure, the edge portion of the opening of the frame
member, which is provided on the light emission side of the
liquid crystal panel, has the slope facing the light emission
surface of the liquid crystal panel. Therefore, an optical path
of light reflected by the edge portion of the frame member, of
light emitted from the liquid crystal panel, is changed, which
results in a reduction in reflection in a display image caused
by such reflected light.

In the present disclosure, “reflectance” refers to a ratio of
energy of reflected light to energy of incident light (energy of
reflected light/energy of incident light) in percentage when
light perpendicularly enters a surface of an object from a
vacuum.

According to the liquid crystal display (1) and the projec-
tion display (1) of the above-described respective embodi-
ments of the disclosure, the edge portion of the opening of the
frame member, which is provided on the light emission side
of the liquid crystal panel, is formed of the low-reflection
material having the reflectance of less than about 1.5% to
green light. Thus, an amount of light reflected by the edge
portion of the frame member, of light emitted from the liquid
crystal panel, is decreased, which makes it possible to reduce
reflection in a display image. Consequently, it is possible to
suppress occurrence of degradation in image quality due to
the frame member provided on the light emission side of the
liquid crystal panel.

According to the liquid crystal display (2) and the projec-
tion display (2) of the above-described respective embodi-
ments of the disclosure, the edge portion of the opening of the
frame member, which is provided on the light emission side
of the liquid crystal panel, has the slope facing the light
emission surface of the liquid crystal panel. Therefore, an
optical path of light reflected by the edge portion of the frame
member, of light emitted from the liquid crystal panel, is
changed, which makes it possible to reduce reflection in a
display image. Consequently, it is possible to suppress occur-
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rence of degradation in image quality due to the frame mem-
ber provided on the light emission side of the liquid crystal
panel.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
technology as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments and, together with the specification,
serve to explain the principles of the technology.

FIG. 1 is a diagram illustrating a general configuration of a
projection display according to one embodiment of the
present disclosure.

FIG. 2 is an exploded perspective diagram of a liquid
crystal display device illustrated in FIG. 1.

FIG. 3 is a cross-sectional diagram of the liquid crystal
display device illustrated in FIG. 1.

FIG. 4 is a schematic sectional diagram illustrating a con-
figuration of arelevant part of the liquid crystal display device
illustrated in FIG. 1.

FIG. 5 is an expanded sectional diagram illustrating the
neighborhood of an edge portion of an outer frame of the
liquid crystal display device illustrated in FIG. 1.

FIG. 6 is a characteristic diagram for explaining a reflec-
tance at the edge portion of the outer frame of the liquid
crystal display device illustrated in FIG. 1.

FIGS. 7A to 7C are schematic diagrams for explaining
edge reflection.

FIG. 8 is a schematic diagram for explaining edge reflec-
tion.

FIG. 9 is a schematic diagram illustrating an example of a
display image in which edge reflection occurs.

FIGS. 10A to 10C are schematic diagrams for explaining
circuit reflection.

FIG. 11 is a characteristic diagram illustrating an edge
reflection level in the case of using each of a low-reflection
material, an existing material, and a high-reflection material
for the outer frame.

FIG. 12 is a schematic diagram for explaining a function of
a slope (plane) of the edge portion of the outer frame.

FIGS. 13A and 13B illustrate simulation results of edge
reflection in the case of providing no slope in the edge portion
of the outer frame and in the case of providing the slope
(plane) therein, respectively.

FIG. 14 is an expanded sectional diagram illustrating the
neighborhood of an edge portion of an outer frame of a liquid
crystal display device according to Modification 1.

FIGS. 15A and 15B are schematic diagrams for explaining
a configuration of the edge portion of the outer frame used in
simulation of the liquid crystal display device illustrated in
FIG. 14.

FIGS. 16A and 16B illustrate simulation results of edge
reflection in the case of providing no slope in the edge portion
of'the outer frame and in the case of providing a slope (curved
surface) therein, respectively.

FIG. 17 is an expanded sectional diagram illustrating the
neighborhood of an edge portion of an outer frame of a liquid
crystal display device according to Modification 2.

FIG. 18 is a characteristic diagram for explaining an opti-
mal value of height of the edge portion of the outer frame
illustrated in FIG. 17.
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4
DETAILED DESCRIPTION

Hereinafter, an embodiment of the present disclosure will
be described in detail with reference to the accompanying
drawings. It is to be noted that description is made in the
following order.

1. Embodiment (An example of a projection display in
which a low-reflection material is used for an edge portion of
an outer frame of a liquid crystal display device, and a slope
(plane) is provided in the edge portion).

2. Modification 1 (An exemplary case where a slope of an
edge portion of an outer frame is a curved surface).

3. Modification 2 (An exemplary case where an edge por-
tion of an outer frame is designed to be equal to or lower than
a predetermined height).

[Embodiment]
[Configuration]

FIG. 1 illustrates a schematic configuration of a projection
display 1 (projection display) according to one embodiment
of the present disclosure. The projection display 1 is used as
aprojector incorporating a liquid crystal display according to
an embodiment of the present disclosure as a liquid crystal
display unit. The projection display 1 is of a so-called three-
plate type in which three sheets of transmissive liquid crystal
display units 10 (10R, 10G, and 10B) are used for color image
display. The projection display 1 includes a light source 211
configured to emit light, a pair of first and second multi-lens
array integrators 212 and 213, and a total reflection mirror
214 that is provided between the multi-lens array integrators
212 and 213, and is disposed to allow an optical path (an
optical axis 210) to be bent substantially 90 degrees toward
the second multi-lens array integrator 213. In the multi-lens
array integrators 212 and 213, a plurality of microlenses
212M and 213M are two-dimensionally arranged, respec-
tively. Each of the multi-lens array integrators 212 and 213 is
to homogenize light illuminance distribution, and has a func-
tion of splitting incident light into a plurality of small beams.

The light source 211 is configured to emit white light
containing red light, blue light, and green light necessary for
color image display. For example, the light source 211 may
include a light emitting body (not shown) configured to emit
white light, and a concave mirror that reflects and concen-
trates light emitted from the light emitting body. Examples of
the light emitting body may include a halogen lamp, a metal
halide lamp, and a xenon lamp. The concave mirror may
desirably have a shape giving a high light gathering effi-
ciency, and, for example, may be a spheroidal mirror or a
paraboloid-of-revolution mirror etc. having a rotationally
symmetric surface shape.

The projection display 1 further includes a PS synthesizing
element 215, a condenser lens 216, and a dichroic mirror 217
in this order on a light emission side of the second multi-lens
array integrator 213. The dichroic mirror 217 has a function of
separating incident light into red light LR and other color
light, for example.

The PS synthesizing element 215 has a plurality of half-
wave plates 215A at positions corresponding to points
between adjacent microlenses of the second multi-lens array
integrator 213. The PS synthesizing element 215 has a func-
tion of separating incident light LO into two types (the P
polarization component and the S polarization component) of
polarized light [.1 and L2. Moreover, the PS synthesizing
element 215 has a function of emitting one polarized light [.2
of'the separated two types of polarized light [.1 and [.2 while
maintaining a polarization direction (for example, P polariza-
tion) of the polarized light 1.2, and of converting the other
polarized light L1 (for example, the S polarization compo-
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nent) into the other polarization component (for example, the
P polarization component) by the effect of the half-wave plate
215A and emitting the converted polarized light.

The projection display 1 includes a total reflection mirror
218, afield lens 224R, and a liquid crystal display unit 10R in
sequence along an optical path of red light LR produced
through separation by the dichroic mirror 217. The total
reflection mirror 218 reflects the red light LR produced
through separation by the dichroic mirror 217 toward the
liquid crystal display unit 10R. The liquid crystal display unit
10R has a function of spatially modulating the red light LR
entering through the field lens 224R based on image signals.

The projection display 1 further includes a dichroic mirror
219 along an optical path of other color light produced
through separation by the dichroic mirror 217. The dichroic
mirror 219 has a function of separating incident light into
green light and blue light, for example.

The projection display 1 further includes a field lens 224G
and a liquid crystal display unit 10G in sequence along an
optical path of green light LG produced through separation by
the dichroic mirror 219. The liquid crystal display unit 10G
has a function of spatially modulating the green light LG
entering through the field lens 224G based on image signals.
Furthermore, the projection display 1 includes a relay lens
220, a total reflection mirror 221, a relay lens 222, a total
reflection mirror 223, a field lens 224B, and a liquid crystal
display unit 10B in sequence along an optical path of blue
light LB produced through separation by the dichroic mirror
219. The total reflection mirror 221 reflects the blue light LB
that has entered the total reflection mirror 221 through the
relay lens 220, toward the total reflection mirror 223. The total
reflection mirror 223 reflects the blue light LB, which is
reflected by the total reflection mirror 221 and then enters the
total reflection mirror 223 through the relay lens 222, toward
the liquid crystal display unit 10B. The liquid crystal display
unit 10B has a function of spatially modulating the blue light
LB, which is reflected by the total reflection mirror 223 and
enters through the field lens 224B, based on image signals.

The projection display 1 further includes a cross prism 226
having a function of synthesizing three colors of light LR,
LG, and LB at a position where the optical paths of the red
light LR, the green light .G, and the blue light LB intersect
with one another. The projection display 1 further includes a
projection lens 227 for projecting synthesized light emitted
from the cross prism 226 toward a screen 228. The cross
prism 226 includes three incidence surfaces 226R, 226G, and
226B and one emission surface 226T. The red light LR emit-
ted from the liquid crystal display unit 10R enters the inci-
dence surface 226R, the green light .G emitted from the
liquid crystal display unit 10G enters the incidence surface
226G, and the blue light LB emitted from the liquid crystal
display unit 10B enters the incidence surface 226B. The cross
prism 226 synthesizes the three colors of light entering the
incidence surfaces 226R, 226G, and 226B and emits the
synthesized light from the emission surface 226T.

(Liquid Crystal Display Unit 10)

FIG. 2 illustrates a relevant part of one of the liquid crystal
display units 10R, 10G, and 10B (hereinafter, simply referred
to as “liquid crystal display unit 10 unless color distinction is
necessary) in an exploded manner. FIG. 3 illustrates a sec-
tional configuration of the liquid crystal display unit 10. The
liquid crystal display unit 10 includes a liquid crystal panel
11, an outer frame 14 (frame member) accommodating or
holding the liquid crystal panel 11, and a parting plate 13.

The liquid crystal panel 11 serves as a so-called light valve,
and has an effective pixel region lla configured to modulate
light from the light source 211 to emit light corresponding to
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an image. The liquid crystal panel 11 includes a pair of glass
plates 111 A and 111B and liquid crystal (not shown) enclosed
between the glass plates. The liquid crystal panel 11 is con-
nected with a film substrate 110 through which image infor-
mation necessary for modulation of incident light is supplied
from a main body of the projection display 1 to the liquid
crystal panel 11. An incidence-side dustproof glass 12A is
bonded to a light incidence side of the liquid crystal panel 11,
while an emission-side dustproof glass 12B is bonded to a
light emission side thereof. The parting plate 13 is attached to
an incidence surface side of the liquid crystal panel 11, and
has an opening (window) 14a opposed to the effective pixel
region 11a of the liquid crystal panel 11. The outer frame 14
is attached to a light emission side of the liquid crystal panel
11, and has a frame shape enclosing any end face portion of
the liquid crystal panel 11.

(Outer Frame 14)

FIG. 4 illustrates a sectional configuration of a relevant part
of the liquid crystal display unit 10. FIG. 5 illustrates the
neighborhood of an edge portion of the outer frame in an
enlarged manner. In this embodiment, an edge portion 14e of
an opening 14a of the outer frame 14 has a slope S1 facing the
liquid crystal panel 11. The slope S1 is a surface that is
nonparallel and non-orthogonal to the light emission surface
of the liquid crystal panel 11 (in detail, a light emission
surface Sa of the emission-side dustproot glass 12B), and is
unopposed to (does not face) the projection lens 227. Here,
the slope S1 is a plane, as an example of such a surface,
extending along a direction at an angle 0 relative to a perpen-
dicular to the light emission surface Sa. The height H of the
edge portion 14e may be desirably 80 um or less as in a
Modification (Modification 2) described later. For example,
the angle 6 may be an acute angle of 0 to 90°.

The edge portion 14e of the outer frame 14 also has a slope
S10 onalight emission side due to a manufacturing process of
the outer frame 14. The height H of the edge portion 14e
corresponds to a distance between the light emitting surface
Sa and a portion (bent portion 14e1) of the edge portion 14e,
the portion projecting toward the inside of the opening 14a.
Here, the height H of the edge portion 14e is equal to the
height of the slope S1.

In this embodiment, at least the edge portion 14e of the
outer frame 14 is configured of a low-reflection material. A
material having a reflectance of less than 1.5% to green light
(wavelength: 495 nm to 570 nm both inclusive) is selected as
the low-reflection material. FIG. 6 illustrates a relationship of
reflectance (%) of an outer-frame material being generally
used to various wavelengths containing green light. In this
embodiment, a low-reflection material having a reflectance
lower than an existing reflectance (about 1.5%) to green light
is used for at least the edge portion 14e of the outer frame 14.
In this specification, “reflectance” refers to aratio of energy of
reflected light to energy of incident light (energy of reflected
light/energy of incident light) in percentage in the case where
light (the above-described green light) perpendicularly enters
a surface of an object from a vacuum.

Specifically, examples of a compositional material of the
outer frame 14 may include aluminum (Al), silver (Ag), mag-
nesium (Mg), and titanium (T1), and alloys thereof. The outer
frame 14 may be configured such that such a metal material is
formed into a shape of the outer frame according to the
above-described procedure, and then the slope S1 of the edge
portion 14e is covered by a thin film made of the low-reflec-
tion material having the reflectance as described above.
Examples of a formation process of the thin film may include
film formation of chromium (Cr), etc. by plating, for example.
Alternatively, the slope S1 may be subjected to chemical
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treatment such as alumite treatment, for example. Further-
more, a black or gray acrylic resin, etc. may be applied onto
the slope S1, or a film made of a black or gray acrylic resin,
etc. may be bonded to the slope S1. Alternatively, the outer
frame 14 itself may be configured of the low-reflection mate-
rial.

[Functions and Advantageous Effects]

Functions and effects of the projection display 1 described
as above are now described with reference to FIG. 7A to FIG.
13B.

In the projection display 1, the red light LR, the green light
LG, and the blue light I.B based on white light emitted from
the light source 211 are modulated by the respective corre-
sponding liquid crystal display units 10R, 10G, and 10B.
Subsequently, color light corresponding to an image is emit-
ted from each of the liquid crystal display units 10R, 10G, and
10B, and such emitted color light are synthesized by the cross
prism 226, and then such synthesized color light is projected
onto the screen 228 by the projection lens 227 in an enlarged
manner. In this way, image display is performed.

An edge reflection phenomenon caused by the outer frame
(an outer frame 104) according to a comparative example of
this embodiment is now described with reference to FIGS. 7A
to 7C. As illustrated in FIG. 7A, the outer frame 104 has an
opening 104a opposed to the effective pixel region 11a ofthe
liquid crystal panel 11. As illustrated in FIGS. 7B and 7C, if
a distance d between an end portion 104e of the outer frame
104 and the effective pixel region 11a is small, the following
phenomenon occurs: an image X1 caused by light reflected at
the end portion 104e reflects on the periphery of a projection
image P. The reason for this is as follows. Specifically, as
illustrated in FIG. 8, incident light L contains light to enter
obliquely with respect to the perpendicular to the light inci-
dence surface of the liquid crystal panel 11; hence, for
example, part of light, the light passing through a pixel dis-
posed at an end portion of the effective pixel region 11a, may
be reflected by the end portion 104e. For example, as illus-
trated in FIG. 9, if such reflected light L, ., enters the projec-
tion lens 227, the image X1, which shows the neighborhood
of an end portion of the projection image P in an inverted
manner, is disadvantageously projected.

On the other hand, as illustrated in FIG. 10A, a large
distance d is possibly established between the end portion
104¢ and the effective pixel region 11a in order to avoid such
an edge reflection phenomenon. In such a case, however, as
illustrated in FIGS. 10B and 10C, a circuit reflection phenom-
enon occurs. The reason for this is as follows. Specifically,
incident light L. passes through the liquid crystal panel 11 and
then partially returns to the liquid crystal panel 11, i.e., return
light exists. The liquid crystal panel 11 has a circuit section
112 for pixel drive in a peripheral region of the effective pixel
region. If the distance d is large, the circuit section 112 is
exposed from the outer frame 104, and is irradiated with such
return light. Consequently, an image X2 of the circuit section
112 is disadvantageously projected onto the periphery of the
projection image P.

In contrast, in this embodiment, first, at least the edge
portion 14e (slope S1) of the outer frame 14 is formed of a
low-reflection material as described above, and thus even if
the distance d between the edge portion 14e and the effective
pixel region 11a is reduced, the edge reflection phenomenon
is suppressed. FIG. 11 illustrates respective sensory evalua-
tion results of edge reflection levels in a case of using a
low-reflection material (a material having a reflectance ofless
than 1.5% to green light) (a portion enclosed by A in the
drawing), in a case of using an existing material (a material
having a reflectance of 1.5% to green light), and in a case of
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using a high-reflection material (a material having a reflec-
tance of 5% to green light), as Examples of this embodiment.
The horizontal scale indicates the distance d (mm). As seen in
the drawing, this embodiment in which the low-reflection
material (a material having a reflectance of less than 1.5% to
green light) is used shows a low edge reflection level. This
shows suppression of degradation in image quality caused by
light reflected by the edge portion 14¢. In addition, this advan-
tageously reduces the width of the outer frame 14 or the size
of the opening 14a¢ without occurrence of circuit reflection,
thereby leading to improvement in degree of freedom of
design layout.

Moreover, in this embodiment, the edge portion 14e of the
outer frame 14 has the slope S1 (plane) inclining at a prede-
termined angle 0; hence, the following merit is given. Spe-
cifically, as illustrated in FIG. 12, when part of light emitted
from the effective pixel region 11a of the liquid crystal panel
11 enters the edge portion 14e of the outer frame 14, such
incident light is reflected by the slope S1 while being greatly
changed in optical path thereof. Consequently, light [.1
reflected by the slope S1 is less likely to enter the projection
lens 227. FIG. 13 A illustrates a simulation result of a projec-
tion image in the case of the edge portion 14e having no slope
(6=0°). FIG. 13B illustrates a simulation result of a projection
image in the case of the edge portion 14e having the slope S1
(0=5°). These results show that edge reflection is more
reduced in the case of the edge portion 14e having the slope
S1.

As described hereinbefore, in this embodiment, the edge
portion 14¢ of the opening 14a of the outer frame 14, which is
provided on the light emission side of the liquid crystal panel
11, is formed of a low-reflection material having a reflectance
of' 1.5% or less to green light. Therefore, an amount of light
reflected by the edge portion 14e of the outer frame 14, of
light emitted from the liquid crystal panel 11, is reduced,
which makes it possible to reduce reflection in a projection
image caused by such reflected light.

Moreover, the edge portion 14e of the outer frame 14 has
the slope 51 facing the light emission surface of the liquid
crystal panel 11. Therefore, an optical path of light reflected
by the edge portion 14e of the outer frame 14, of light emitted
from the liquid crystal panel 11, is changed, which makes it
possible to reduce reflection in a projection image caused by
such reflected light.

As a result, it is possible to suppress occurrence of degra-
dation in image quality caused by the outer frame 14 provided
on the light emission side of the liquid crystal panel 11.

Description is now made on Modifications (Modifications
1 and 2) of the outer frame 14 of the liquid crystal display unit
10 in the above-described embodiment. An outer frame 14
described below is also attached to the liquid crystal panel 11
in the above-described embodiment, and components similar
to those of the projection display 1 are designated by the same
numerals, and description thereof is appropriately omitted.
[Modification 1]

FIG. 14 is an expanded sectional diagram illustrating the
neighborhood of the outer frame 14 according to Modifica-
tion 1. As shown in the Modification 1, the edge portion 14e
of'the outer frame 14 may have a slope S2 including a curved
surface. The slope S2 corresponds to part (a portion corre-
sponding to a height r) of the edge portion 14e, the part being
provided with a curvature R, and may be formed over part
(r<H) or the entire (r=H) of the incidence side of the bent
portion 14el. In this case, as with the slope S1 (plane) in the
above-described embodiment, light entering from a liquid
crystal panel 11 is allowed to be reflected while being greatly
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changed in optical path of the light; hence, effects similar to
those in the above-described embodiment are obtainable.

The edge reflection level of each of the outer frame 14
having such a slope S2 and the outer frame 104 with no
curvature was determined by simulation. As illustrated in
FIG. 15A, the outer frame 104 was assumed to have a height
H of 0.2 up to the bent portion 140e1. As illustrated in FIG.
15B, the outer frame 14 was assumed to have a height H 0f 0.2
up to the bent portion 14e1 and a height r of the curved surface
S2 of 0.1. FIG. 16A illustrates a simulation result of an edge
reflection level in the case of the outer frame 104 having no
curvature. FIG. 16B illustrates a simulation result of an edge
reflection level in the case of the outer frame 14 having the
slope S2. These results show that edge reflection is more
reduced in the case of the outer frame 14 having the slope S2.
[Modification 2]

FIG. 17 is an expanded sectional diagram illustrating the
neighborhood of an outer frame 14 according to Modification
2. As shown in the Modification 2, even if the edge portion
14e of the outer frame 14 does not have the slope (S1 or S2)
including a plane or a curved surface as described above, and
if the height H of the edge portion 14e has a sufficient small
value, for example, 80 um or less (H=h<80 um), effects
substantially similar to those in the above-described embodi-
ment are obtainable.

FIG. 18 illustrates sensory evaluation results of edge
reflection in the case of varying each of the distance d and the
height h of the outer frame 14 illustrated in FIG. 17. Evalua-
tion is made in seven ranks, i.e., A, A—, B+, B, C+, C, and D+,
where the A rank represents a highest reflection level (large
degradation in image quality), and the D+ rank represents a
lowest reflection level (small degradation in image quality).
In general, a maximum allowable distance d of circuit reflec-
tion is 0.26 mm. The height H of the existing outer frame 104
may be, for example, 0.12 mm. Hence, an existing edge
reflection level is at the C+rank (see B, in the drawing), i.e.,
is at an allowable limit. In contrast, the height H is adjusted to
satisfy H=h=80 pum (0.08 mm), and thus the reflection level is
at the D+ rank (see B in the drawing), i.e., the reflection level
is allowed to be lowered to an invisible level. Moreover, when
the height H is adjusted to be 80 um or less, for example, even
if the distance d is further decreased to 0.18 mm, the reflection
level may be maintained at the C rank so that image quality
may be promisingly improved compared with the existing
level.

Although the present disclosure has been described with
the embodiment and the Modifications thereof hereinbefore,
the disclosure is not limited thereto, and various modifica-
tions or alterations may be made. For example, although the
edge portion 14e, which is formed of the low-reflectance
material and has the slope (S1 or S2), of the outer frame 14 has
been exemplified in the above-described embodiment, those
are not necessarily indispensable at the same time. Specifi-
cally, even if the edge portion 14e has no slope, and if the edge
portion 14e is formed of a low-reflectance material, the
effects of the liquid crystal display (1) and of the projection
display (1) according to embodiments of the present disclo-
sure are obtained. In addition, even if the edge portion 14e is
nor formed of the low-reflectance material, and if the edge
portion 14e has the slope S1, the effects of the liquid crystal
display (2) and of the projection display (2) according to
embodiments of the present disclosure are obtained.

Moreover, a transmissive liquid crystal display unit has
been exemplified as the liquid crystal display according to an
embodiment of the present disclosure in the above-described
embodiment and Modifications, the liquid crystal display of
an embodiment of the present disclosure is not limited
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thereto, and may be a reflective liquid crystal display unit

such as liquid crystal on silicon (LCOS), for example.

Furthermore, the projection display according to an
embodiment of the present disclosure is not limited to the
projection display having the configuration described in the
above-described embodiment, and is applicable to any of
various display of a type where light from a light source is
modulated through a liquid crystal display unit for image
display using a projection lens.

It is to be noted that the disclosure may be configured as
follows.

(1) A liquid crystal display, including:

a liquid crystal panel containing an effective pixel region
that is configured to emit light corresponding to an image; and

a frame member provided on a light emission side of the
liquid crystal panel, and having an opening opposed to the
effective pixel region of the liquid crystal panel,

wherein an edge portion of the opening of the frame mem-
ber is formed of a low-reflection material having a reflectance
of'less than about 1.5% to green light.

(2) The liquid crystal display according to (1), wherein the
edge portion of the frame member has a slope facing a light
emission surface of the liquid crystal panel.

(3) The liquid crystal display according to (2), wherein the
slope is a plane forming an acute angle with a perpendicu-
lar to the light emission surface.

(4) The liquid crystal display according to (2), wherein the
slope is a curved surface.

(5) The liquid crystal display according to any one of (1) to
(4), wherein at least the edge portion of the frame member
is covered with a thin film formed of the low-reflection
material.

(6) The liquid crystal display according to any one of (1) to
(5), wherein the frame member is configured of the low-
reflection material.

(7) The liquid crystal display according to any one of (1) to
(6), wherein the edge portion of the frame member has a
height of about 80 um or less.

(8) The liquid crystal display according to any one of (1) to
(7), wherein the liquid crystal panel is of a transmissive
type.

(9) A liquid crystal display, including:

a liquid crystal panel containing an effective pixel region
that is configured to emit light corresponding to an image; and

a frame member provided on a light emission side of the
liquid crystal panel, and having an opening opposed to the
effective pixel region of the liquid crystal panel,

wherein an edge portion of the opening of the frame mem-
ber has a slope facing a light emission surface of the liquid
crystal panel.

(10) The liquid crystal display according to (9), wherein the
slope is a plane forming an acute angle with a perpendicu-
lar to the light emission surface.

(11) The liquid crystal display according to (9), wherein the
slope is a curved surface.

(12) A projection display, including:

a light source;

a liquid crystal panel containing an effective pixel region
that is configured to modulate light from the light source to
emit light corresponding to an image;

a frame member provided on a light emission side of the
liquid crystal panel, and having an opening opposed to the
effective pixel region of the liquid crystal panel; and

a projection lens projecting the image based on light emit-
ted from the liquid crystal panel,
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wherein an edge portion of the opening of the frame mem-
ber is formed of a low-reflection material having a reflectance
of'less than about 1.5% to green light.

(13) A projection display, including:

a light source;

a liquid crystal panel containing an effective pixel region
that is configured to modulate light from the light source to
emit light corresponding to an image;

a frame member provided on a light emission side of the
liquid crystal panel, and having an opening opposed to the
effective pixel region of the liquid crystal panel; and

aprojection lens projecting the image based on light emit-
ted from the liquid crystal panel,

wherein an edge portion of the opening of the frame mem-
ber has a slope facing a light emission surface of the liquid
crystal panel.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A liquid crystal display, comprising:

a liquid crystal panel containing an effective pixel region
that is configured to emit light corresponding to an
image; and

a frame member provided on a light emission side of the
liquid crystal panel, and having an opening opposed to
the effective pixel region of the liquid crystal panel,

wherein,
an edge portion of the opening of the frame member is

formed of a low-reflection material having a reflec-
tance of less than about 1.5% to green light,
the edge portion of the frame member has a slope facing
alight emission surface ofthe liquid crystal panel, and
the slope is a plane forming an acute angle with a per-
pendicular to the light emission surface.

2. The liquid crystal display according to claim 1, wherein
at least the edge portion of the frame member is covered with
a thin film formed of the low-reflection material.

3. The liquid crystal display according to claim 1, wherein
the frame member is configured of the low-reflection mate-
rial.

4. The liquid crystal display according to claim 1, wherein
the edge portion of the frame member has a height of about 80
pum or less.

5. The liquid crystal display according to claim 1, wherein
the liquid crystal panel is of a transmissive type.
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6. A liquid crystal display, comprising:
a liquid crystal panel containing an effective pixel region
that is configured to emit light corresponding to an
image; and
a frame member provided on a light emission side of the
liquid crystal panel, and having an opening opposed to
the effective pixel region of the liquid crystal panel,
wherein,
an edge portion of the opening of the frame member has
a slope facing a light emission surface of the liquid
crystal panel, and

the slope is a plane forming an acute angle with a per-
pendicular to the light emission surface.

7. A projection display, comprising:

a light source;

a liquid crystal panel containing an effective pixel region
that is configured to modulate light from the light source
to emit light corresponding to an image;

a frame member provided on a light emission side of the
liquid crystal panel, and having an opening opposed to
the effective pixel region of the liquid crystal panel; and

a projection lens projecting the image based on light emit-
ted from the liquid crystal panel,

wherein,
an edge portion of the opening of the frame member is

formed of a low-reflection material having a reflec-
tance of less than about 1.5% to green light,
the edge portion of the frame member has a slope facing
alight emission surface ofthe liquid crystal panel, and
the slope is a plane forming an acute angle with a per-
pendicular to the light emission surface.
8. A projection display, comprising:
a light source;
a liquid crystal panel containing an effective pixel region
that is configured to modulate light from the light source
to emit light corresponding to an image;
a frame member provided on a light emission side of the
liquid crystal panel, and having an opening opposed to
the effective pixel region of the liquid crystal panel; and
a projection lens projecting the image based on light emit-
ted from the liquid crystal panel,
wherein,
an edge portion of the opening of the frame member has
a slope facing a light emission surface of the liquid
crystal panel, and

the slope is a plane forming an acute angle with a per-
pendicular to the light emission surface.
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